Of a number of DNA marker typing techniques for personal identification in the field of forensic medicine, polymorphic short tandem repeat (STR) typing is currently the most frequently used technique. However, the multiplex STR method is time consuming. In contrast, single nucleotide polymorphism (SNP) detection methods are relatively rapid and amenable to high throughput. The discrimination power of each SNP is inferior to that of an STR, but a combination of many SNPs could realize a high discriminating power. In this regard, 16 highly informative SNP markers were selected in the introns of genes whose alleles had a proportion of 0.4-0.6 in the Japanese SNP database. The 16 SNPs were sequentially detected within 40 min using the hybridization probe assay on the LightCycler system. The allele and genotype frequencies of these SNPs were determined in a group comprising 64 unrelated Japanese subjects. Based on the frequency data of this group, the combined matching probability, defined as the estimated probability that two unrelated individuals selected at random would possess identical multilocus genotypes, was calculated with the 16 SNPs in the Japanese population and was found to be 2.025 × 10 -7 . This system is an effective tool in the forensic medicine to obtain information on personal identification. SNP; polymorphisms; hybridization probe assay; forensics; personal identification © 2005 Tohoku University Medical Press Short tandem repeat (STR) typing is currently the most frequently used technique for individual identification in the field of forensic medicine (Edwards et al. 1992) . Although the multiplex STR method has a lower matching probability and is very effective for forensic applications, it is time consuming and requires expensive instrumentation. It is also difficult to analyze all types of degraded DNA samples by this method. In contrast to the STR methods, single nucleotide
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Short tandem repeat (STR) typing is currently the most frequently used technique for individual identification in the field of forensic medicine (Edwards et al. 1992) . Although the multiplex STR method has a lower matching probability and is very effective for forensic applications, it is time consuming and requires expensive instrumentation. It is also difficult to analyze all types of degraded DNA samples by this method. In contrast to the STR methods, single nucleotide polymorphism (SNP) detection methods are relatively rapid and better suited for the analysis of highly degraded DNA since the distance between the primer binding sites can be designed to be very short.
Recently, the detection of SNPs has been s i m p l i fi e d b y u s i n g t h e n e w l y a v a i l a b l e LightCycler system, which allows real-time detection of a specific PCR product followed by melting curve analysis of the hybridization probes (Wittwer et al. 1997) . Hybridization probe analysis is based on the detection of two adjacent oligonucleotide probes using fluorescence resonance energy transfer (FRET). For SNP detection, one of the probes acts as a tightly bound anchor, and an adjacent sensor probe spans the region of sequence variation. During the melting of the final PCR product, the sequence alteration is detected as a change in the melting temperature of the sensor probe. For a typical homozygous wildtype sample, a single melting peak is observed; for mixed alleles, two peaks are observed; and for a homozygous mutated sample, a single peak at a temperature different from that of the wild-type allele is observed. The temperature shift induced by one mismatched base is usually between 5°C and 10°C and is easily observed.
In this study, we developed a rapid and sequential detection method for 16 SNPs:
, and DIA1 (G > T). To obtain a lower matching probability (Gill 2001) , alleles with a proportion of 0.4-0.6 in the Japanese Single Nucleotide Polymorphisms (JSNP) database (http://snp.ims.u-tokyo.ac.jp/index_ja.html) were selected. Using these methods, we investigated the allele frequency distributions in the Japanese population and calculated the forensically relevant parameters.
MATERIALS AND METHODS

Subjects and DNA samples
Venous blood was collected from 64 unrelated Japanese volunteers at Tohoku Pharmaceutical University and Tohoku University Hospital. The Ethics Committee of Tohoku Pharmaceutical University and Tohoku 
Selection of highly informative SNPs
SNP data from the JSNP database (http://snp.ims.utokyo.ac.jp/index_ja.html) were employed in the present study. The genotype frequencies and genomic locations were used as the first level screen. To ensure that closely linked loci were not chosen, SNPs at separate chromosomal locations were selected as candidate markers. These SNPs were chosen in the intron regions of the genes. Since markers with even allelic distributions have high observed heterozygosities, SNPs with a common 40 : 60-50 : 50 allelic distributions in the Japanese population were preferentially screened based on the allele and genotype frequencies in the JSNP database.
Hybridization probe assay
Fluorescence monitoring using hybridization probes is based on the concept that a fluorescence signal is generated if FRET occurs between two adjacent fluorophores. The first hybridization probe that is labeled with fluorescein as the donor fluorophore on its 3´ end can hybridize in close proximity to a second hybridization probe that is labeled with the acceptor fluorophore LightCycler Red 640 (LCRed640) at its 5´ end and is blocked from extension at its 3´ end. The fluorescein is excited by an LED light source and transfers energy to the acceptor fluorophore. The acceptor fluorophore then emits light of a long wavelength that can be measured with a photodiode. This detection strategy allows monitoring of the amplification process on a per cycle basis because the intensity of the FRET signal depends on the amount of the specific PCR product generated. More importantly, genotyping using two hybridization probes is possible with a shorter detection probe that spans the polymorphic site and a longer anchor probe that causes the detection probe to melt off the template at a lower temperature so that polymorphic alleles can be distinguished by the melting temperature (Tm) of the detection probe. Continuous monitoring of the fluorescence as the temperature is raised from annealing to denaturation demonstrates a sharp decrease in fluorescence when the detection probe dissociates from the template.
A summary of the primers and probes used is presented in Table 1 . The hybridization probes were designed according to the guidelines provided by Roche hybridization probes for the 16 SNPs M. Probe (LCRed640-5´-3´)
A. Probe (5´-3´-FITC)   TACTAAGTCTGCGCAGCTGAGGTT  ATATGGGGAGGAAGCCTGGGCCTGT  TTTTCAAACCTGAGAAACCAAACC  ATTCGTTTCTCAGCCCGTTCATGGCTAGTATT  GCTTAGAAACAGCTCAGACTGTGGA  TCAAGGACTTTGGGGCCTCTGTCTGAGA  TAGCTCTGCGGATCCTTACACTAGTT  CAGGCTGCTTTTTCTCTTTCTCCAAATCTGC  CAGGGCTTTGTTTTCCTAATAATACAAAT  AACCGTATGGACTGTTGTCAGGAATTACCAAAAATGATGG  AACTCTCTGACTTTATCCATCCTTAAAACTTC  AGGGCTCTGATTTTTTTTTTCATGTTTTATGTTTCTCTGA  CCTCTCTGGCCTATAGTTTGATTTATAAGG  CAAATAAACAGCCTGGGAGCATGTGGCA  CGTCGTTCCCCAATCTAGGC  TCCCGGAATAAGATCCCAAGCTCTCAGG  GATTAAAGAAAAATTAACTCATGTTGAGTGTAAAAGA  AGGAAGAGAACGGCAGTTTCAGCACACACT  TTGGATGGAGCTTCACCTATTCTAAA  CCATGGAAACTGGACTTAATGAGTGATTCTGTGTGT  TTCCTTGTGGGCATGCACTC  TGCATTTTGTCTGAGGAGAAGCCCTCAGC  TTCAGCACATTCCCAATTATACTTCC  TTCAGTATCACCAGTGTGTCTTGGCCTTCCT-FITC  GAAGAAATGCCTTACCTAATGGCTAAAT  CCACTAGAGTGTGGCAGACATTAATTAGCTTAGAATCCC  TGAGAAACGTGGAAAACCAATGAA  GAGGAGCACCTGTCCCCTAGGTGCCTTTT  AAGATGGGATAAACATGTCTGGTG  CTGAAATAAGAGAAAGCAGGAGTGCAAAGTTGGC  ACAGGACCCGCGGGGT GGAAGAGCACCATATGGCCCAACTGAAAC Diagnostics Inc. (Mannheim, Germany). The mutation probe was designed such that it binds to a region including the investigated mutation, while the anchor probes were designed to bind one nucleotide away from the mutation probe. The mutation probe was also designed such that its Tm was approximately 5-10°C lower than that of the anchor probe. The 5´ end of the probe was labeled with LCRed640 and the 3´ end was phosphorylated. The 3´ end of the anchor probe was labeled with the fluorescein isothiocianate (FITC) 
Statistical analysis
A chi square test between the observed and expected genotype frequencies was carried out to test for deviations from the Hardy-Weinberg equilibrium (HWE). The heterozygosity was calculated as described by Grunbaum et al. (1978) . The matching probability (pM) was defined as the estimated probability that two unrelated individuals selected at random would possess identical multilocus genotypes and was calculated as described by Jones (1972) .
RESULTS AND DISCUSSION
As the theoretical power of discrimination of a maker set is correlated with allelic distribution and the number of unlinked markers, the candidate SNP markers with a common 40 : 60-50 : 50 allelic distributions in the Japanese population were screened. As a result, 16 SNPs were identified as highly informative SNP markers ( Table 2) .
The genes CYP4B1, HK2, GAD1, UGT2B4, S R D 5 A 1 , G P X 5 , A B C B 1 , F B P 1 , A L A D ,
HSD17B3, CYP2E1, MGST1, GSTZ1, ABCC1, ALOX12
, and DIA1, code for CYP4B1, hexokinase 2, glutamate decarboxylase 1, UDPglucuronyltransferase family 2 beta-4, steroid 5 alpha-reductase type I, glutathione peroxidase 5, ATP-binding cassette subfamily B member 1, fructose-1,6-bisphosphatase 1, aminolevulinate dehydratase, 17 beta-hydroxysteroid dehydrogenase 3, CYP2E1, microsomal glutathione S-transferase 1, glutathione transferase zeta 1, ATP-binding cassette subfamily C member 1, arachidonate 12-lipoxygenase, and cytochrome b5 reductase, respectively.
We have developed a hybridization probe assay to rapidly and sequentially detect 16 SNPs from the intron regions of genes (Table 1 ). Fig. 1 shows the representative examples of melting curves for the GAD1 (G > C) genotyping analysis. As shown in Fig. 1A , a sudden decrease in fluorescence indicates mutation probe melting. The negative first derivative of fluorescence with respect to temperature (-dF/dT) vs temperature (T) allows for an easier interpretation of the results where the maximum value represents the melting temperature (Tm) (Fig. 1B) . The single base mismatch in the GAD1*C allele decreases the stability of the probe-allele double strand structure, resulting in a lower Tm than that of the GAD1*G allele. The heterozygous genotype (GAD1*G/*C) has the Tms of the GAD1*G and GAD1*C alleles. In the same way, the results of HK2 (G > A) and CYP2E1 (C > T) are shown in Figs. 2A and 2B , respectively. Using this genotyping system with a common temperature protocol, all the 16 SNPs tested could be typed sequentially and accurately (data not shown).
Real-time PCR on the LightCycler system offers several advantages over the existing PCR methods. Rapid-cycle PCR shortens the amplification time and increases specificity over traditional PCR. This protocol enabled the fluorescence genotyping of 32 samples within 40 min without any need for enzyme digestion or electrophoresis. Since this method is performed in a closed system with no post-amplification processing, potential problems with sample tracking and end product contamination are eliminated. Table 2 shows the distributions of the -observed allele and genotype frequencies of the 16 SNPs,
, and DIA1 (G > T). All the selected SNPs showed relatively even allelic distributions ranging from 0.688 : 0.312 to 0.493 : 0.507. No deviations from the HardyWeinberg expectations were observed in any locus ( p > 0.05). Table 3 shows the statistical parameters of forensic interest for the 16 SNPs in the Japanese population. The heterozygosity of all the selected SNPs was approximately 0.5. The combined pM calculated with the 16 SNPs in the Japanese population was 2.025 × 10 -7 , which is comparable to that of nine STR loci (2.31 × 10 -12 ) in the AmpFISTR Profiler Plus PCR amplification kit (Han et al. 2000) . This means that the performance of the present system is insufficient for forensic application. However, this difference in combined pM values could be overcome by the addition of appropriate SNP markers to the previously selected marker set. The aim of this study is the selection of a panel of informative SNPs in the Japanese population and the development of a rapid detection assay for human identification. We selected 16 SNPs representing 13 chromosomes. The selected highly informative SNPs display relatively even allele and genotype frequencies. In the case of personal identification, all the 16 SNPs could be typed clearly by real-time PCR on the LightCycler system. This system is an effective tool in the forensic medicine to obtain information on personal identification. .
